In order to investigate the influence of vermicompost and chemical fertilizers on growth parameters and essential oil of garlic (Allium sativum), an experiment based on randomized complete blocks design with 7 treatments, 4 replications and 21 plots was carried out in Qaemshahr, Iran 2012. Treatments were included witness (control), 5, 10, 15, 20 and 25 t/ha vermicompost and NPK fertilizers. Results showed that all agronomic traits were significantly affected by vermicompost and chemical fertilizers compared to the control. The maximum shoot wet weight and shoot dry weight recorded in chemical and vermicompost treatments, respectively. The maximum number of bulblets per plant and bulb dry weigh observed vermicompost treatment (20 t/ha). Among all treatment, vermicompost had highest effect on essential oil compared to chemical fertilizer. In general, 15 t/ha of vermicompost treatment compared to other treatments was appropriate for yield and production essential oil and reducing the cost of crop production.
Garlic (Allium sativum L.) is an annual spice crop of Alliaceae family. It is one of the most important vegetable crops in the world. It is grown worldwide in all temperate to sub-tropical areas and can be grown on a wide range of climatic conditions but thrives best at mild climate without excessive rainfall and heat, It grows best on well drained soils high in organic matter, sandy loam or loam soil is the most ideal texture for garlic. It is an important bulb vegetable with several medicinal values and is used all over the world, and has Anti-infective properties such as power suppliers, insecticidal, anti-bacterial, antifungal, anti-cancer, lowering blood sugar, blood lipids, and reduce blood platelet aggregation (Baghalian, 2005) .
Crop production depends on nutritional management which is an important factor in success of agriculture. For optimum plant growth, nutrients must be balanced and should be sufficient for plants. In other words, the soil must have nutrients that are needed for plants (Ayolla, 2010) . However, some of soil nutritional elements are mostly in an un-accessible form to plants and need long time period to release part of them through biological activity and chemical processes (Chen, 2006) . Hence, in order to increase crop yield per unit area, large amount of chemical fertilizers are used. Excessive use of fertilizers will cause environmental pollution and will destroy the balance of the ecosystem that is one of the major problems (Zaller, 2007) . The organic manure is an ecofriendly, economically viable and ecologically sound that also played a significant role in soil biology, chemistry and physics. Thus, biological fertilizers can be considered a suitable solution for overcoming this problem, further by adding beneficial organisms to improve soil fertility and increasing fertilizer planting beds in hydroponic greenhouses and also increase the qualitative and quantitative products. In fact, using organic fertilizers like vermicompost can be used in a sustainable agricultural system (Jones et al., 2004) . There is accumulating scientific evidence that vermicompost has a significant positive influence on the growth, productivity and quality of crop plants. Various workers have examined the suitability of vermicompost as plant growth media (Pashanasi et al., 1996) and have addressed their potential commercial value. The research on vegetables confirms that vermicompost improves seed germination, seedling vigour, plant growth, flowering, fruiting, tuberization, root development, color, shelf-life and quality of the economic produce (Atiyeh et al., 2001; Suthar et al., 2005; Arguello et al,. 2006; Alam et al., 2007; Prem-sekhar and Rajashree 2009; Suthar 2009 ).
Despite the history and culture of garlic, high-quality scientific research to identify many of the properties of this plant and the effect of production conditions on some morphological features of garlic onion is important. Therefore, the main objective of the present study was to ascertain the effect of different levels of vermicompost and NPK fertilizer application on plant growth, yield and amount of essential oil of Garlic.
MATERIALS AND METHODS

Description of experimental site and design
This research was carried out at 2012 in Qaemshahr (36ᵒ27'N, 52ᵒ46' E and 87m above sea level), Iran. Experimental field has temperate and humid climates. The experiment was carried out as randomized complete block design with 7 treatments (5, 10, 15, 20 and 25 t/ha vermicompost, the combination of NPK fertilizers and control) at 4 replications and 21 plots, each plot has an area of 9 square meters (3*3). The distance between rows 35 cm and the distance between the plant rows was 15 cm. To determine the physical and chemical properties of the soil, before initiation of the experiment sampling was performed from a depth of 0-30 cm. Results showed on table1.
Plowing and preparing the bed was conducted on midOctober. After the preparation and implementation of land, the marked plots for vermicompost and chemical fertilizers treatments, fertilization conducted according to experiment plan. Chemical treatments include (a mixture of 40 kg/ha N, 50 kg/ha K, 60 Kg/ha P) which was added to the soil before planting. In supplying of bulblets were trying to choose the ones that were healthy and free of fungal or bacterial infection. The experience and studies showed that the outer bulblets were more suitable for planting. Amount of bulblets due to planting losses were about 300 to 400 pounds per acre. Bulblets were cultivated in early November of 2012 at 5 to 7 cm depth. To control weeds and soil crust breaking the labor force was used. To control garlic disease, Mankozeb sprayed with poison in one step in winter. In June 2013, garlics after drying aerial parts were harvested by shovel.Traits including plant heights, stem diameter and the diameter of the bulb, the bulb, stem and leaf dry and wet weight, the number of bulbs of Bulblets were measured. Bulblets from each plot were crushed by Electric mills. To extract the essential oil from samples, steam distillation by Clevenger apparatus was used.
Statistical analysis
The obtained data were analyzed by SAS program. Data means were compared by Duncan's Multiple Range Test at P=0.05. The EXCEL Microsoft word was used for drawing of diagram.
RESULTS AND DISCUSSION
Effect of different level of vermicompost and NPK fertilizer on growth and yield of Garlic:
There was a significant difference (99%) between fresh weight and shoot dry weight treatments. As presented in table 2, a significant difference (95%) in plant growth parameters, the number of bulblets per bulb, the diameter of the bulb, wet bulb and dry bulb wet and dry weight of bulb. However, there was no significant difference between plant height and stem diameter treatments.
Shoot wet weight was significantly influenced by chemical treatments, 15 and 20 t/ha vermicompost. The maximum shoot wet weight (33.6 gr) was recorded in c h e m i c a l t re a t m e n t . T h e a p p l i c a t i o n 2 5 t / h a vermicompost significantly increased the shoot dry weight about 10.45 gr (Table 3) . Despite chemical fertilizer increased the shoot wet weight but reduced shoot dry weight.
Results showed, the maximum number of bulblets per plant and bulb dry weigh bulb observed vermicompost treatment (20 t/ha) about 57.82 and 15.4 gr, respectively. The maximum bulb diameter (6.65 cm) and bulb wet weight (16.1 gr) obtained 15 t/ha of vermicompost (Table 3) . By examining the different fertilizer treatments observed that by increasing amounts of vermicompost about 15, 20 and 25 t/ha to the soil, the number of bulbs of garlic bulblets increased. In contrast, control treatments, chemical treatment and 5 t/ha of vermicompost produced the lowest number of bulblets.
According to table 3, by increasing vermicompost amount about 20 t/ha, the number of bulblets increased. However, further increase of vermicompost reduced the number of bulblets. Vermicompost fertilizer about 15 t/ha was the best treatment for the number of bulblets, and increase amount of vermicompost to 20 t/ha increased the number of bulblets slightly. If increase the number of bulblets not accompanied increase the weight and size of the bulb, it tends to produce small bulblets. Table 3 showed that chemical fertilizer increased the size of the bulb, but had little effect on the weight of the bulb and bulb dry weight. Chemical fertilizer increased the diameter of the bulb and bulb weight compared to control, but compared to the vermicompost treatments (10, 15, 20 and 25 t/ha), bulb diameter was smaller.
According to results, plant response to vermicompost showed much better results than chemical fertilizer. An important feature of vermicompost is that, during the processing of the various organic wastes by earthworms, many of the nutrients that it contents are change to forms that are more readily taken by plants such as nitrate or ammonium nitrate, exchangeable phosphorous and soluble potassium, calcium and magnesium (Suthar and Singh, 2008) . The excellent plant growth in vermicompost was possibly due to some plant growth promoters in worm casts. It is recorded that vermicompost was richer in humic compounds (Dominguez et al., 1997) . The application of humic acids derived from vermicompost resulted in increased growth of tomato and cucumber (Atiyeh et al., 2002) . It is stated that vermicompost could affect biochemical processes in plants because of hormone like compounds (Sahni et al., 2008) . Plant and crop physiologists, microbiologists and agronomists agree that plant growth and development are strictly dependent on biological fertility factors. Earthworms stimulate microbial activities and metabolism and also influence microbial populations. As a consequence more available nutrients and microbial metabolites are released into the soil (Arancon, 2006) . The improved growth and biomass were recorded in various vermicompost treated (Bachman and Metzger, 2008; Warman and Anglopez, 2010; Moghadam et al., 2012) . A significant increase in mean stem diameter and mean plant height of tomato plant was observed by the addition of different concentrations of vermicompost in soil (Gutiérrez-Miceli et al., 2007) . Similar results for Vigna mungo and Arachis hypogae were reported by Parthasarathi and Ranganathan (2001) .
Effect of different level of vermicompost and NPK fertilizer on essential oil of garlic:
The maximum essential oil of garlic bulbs (1.27 mm) observed in 25 t/ha of vermicompost treatments. According to the results, it was demonstrated that vermicompost treatments, even at amount of 5 t/ha, increased significantly essential oil compared to control (Table 3) Vermicompost application through increase of the mineral uptake such as; nitrogen and phosphorus (Arancon et al., 2006; Zaller, 2007) , has a positive effect on proper biomass production and subsequently the enhanced essential oil content. Improved essential oil content of medicinal plants have previously been reported in the presence of optimal amounts of vermicompost (Anwar et al., 2005; Darzi et al., 2009; Geetha et al., 2009; Singh et al., 2009) (2009) showed that vermicompost contains significant amounts of plant nutrients elements such as copper, zinc, iron and manganese. Therefore, it can be conclude vermicompost by providing one or more essential micronutrient that important for garlic in oil production and enhance the ability to absorb them, increased the amount of essential oil. In this regard, Suthar et al. (2005) stated increase vermicompost fertilizer to the soil caused significant changes in soil chemical properties. Vermicompost applying through more biomass production leads to improvement of the essential oil. Elghandur et al. (2009) reported that the highest performance and most flowers of marjoram (Majorana hortensis L) essential oil obtained by application vermicompost. It is demonstrated that using vermicompost and compost was led to an increase in the relative content of linalool and methyl chavicol in basil (Ocimum basilium) (Anwar et al., 2005) .
Correlation between traits:
Correlation between some quantitative traits of garlic (Table 4) , showed the negative correlation with plant height and shoot dry weight, bulb wet weight, bulb dry weight, stem diameter, number of bulblets and essential oil and positive correlation with the shoot wet weight. However, these correlations were not significant. The only negative significant correlation observed between stem height and diameter of the bulb. Since the height of flowering plants is considerably higher than plants without flowers. As result, it can be concluded that activation of the reproductive phase of garlic, reduced production speed and power of the garlic bulbs. Also, the plant height increased, more energy from bulbs consumed and caused weak and shrink the bulbs. Shoot dry weight and shoot wet weight of garlic had significant positive correlation with bulb dry and wet weight, bulb diameter and number of bulblets. So whatever the shoot dry weight and shoot wet weight of garlic increased, bulbs with greater diameter, more number of bulblets and most of bulblets with higher wet and dry weight produced. This indicated that, vegetative growth of shoots proportional to garlic bulbs and underground organs growth.
Considering that the dry weight, shoot dry weight and number of bulbs were significant at 1% level (Table 4) , it can be concluded that the plant were more successful in accumulation dry matter in shoot compared to other plant that had more weight had better bulbs yield. Despite the similarity in correlation of shoot dry weight and shoot wet weight with different characteristics, while no correlation between the shoot wet weight and essential oil, shoot dry weight showed a significant positive correlation with essential oil. The Plants were more successful in attracting dry matter, also were more efficient in production of essential oil. These result observed in vermicompost treatments.
The correlation between the bulb wet weight and bulb dry weight was probability significant (99%) ( Table 4) . This means that the bulbs had more weight, in absorption and accumulation dry matter were more successful. The correlation between the number of bulblets with dry and wet weight of bulb and bulb diameter was very significant, which confirmed that the garlic bulblets size was relatively constant and any changes in the size of bulbs changed the number of bulblets. All these observations showed that vermicompost can form a replacement for chemical fertilizer, thereby reducing the cost of crop production, improving soil fertility and saving the environment from the ill-effects of chemical compounds. The nutrient uptake (NPK) by plants and fruit yield was higher with vermicompost application and equi-valent to chemical fertilizer application.
